Autophagy is an essential cytoprotective system that is rapidly activated in response to various stimuli including inflammation and microbial infection. Genipin, an aglycon of geniposide found in gardenia fruit, is well known to have anti-inflammatory, antibacterial and antioxidative properties. This study examined the protective mechanisms of genipin against sepsis, with particular focus on the autophagic signalling pathway.
Introduction
Sepsis is a massive systemic inflammatory syndrome that is triggered by severe infection, trauma or toxin and leads to multiple organ failure and death. During the development of sepsis, bacterial components lead to excessive secretion of pro-inflammatory cytokines, which induce endothelial and epithelial injury, vasodilatation and oedema, subsequently causing the development of multiple organ dysfunction syndromes (Taylor et al. 1995) . Despite advances in therapeutic care and an increased understanding of the pathophysiology of sepsis, it remains a leading cause of mortality in intensive care units. There is a substantial need for an effective therapy that will decrease the morbidity and mortality associated with sepsis. The liver is a critical organ for host survival in response to sepsis through its role in scavenging bacteria and producing inflammatory mediators; however, it might also become damaged in the pathogenesis of sepsis as the result of a dysregulated inflammatory response (Recknagel et al. 2012; Gonnert et al. 2013) . Clinical evidence has shown that hepatic dysfunction is an early event in sepsis and is a specific risk factor for poor outcome (Kramer et al. 2007) .
Autophagy is an evolutionarily conserved self-eating-recycling process in which cytoplasmic proteins or organelles are sequestered by a double-membraned autophagosome and delivered to lysosomes for proteolytic degradation. Autophagy has recently been recognized as a crucial modulator of immune responses as it participates in pathogen killing or antigen processing and presentation by immune cells, thus highlighting its potential as a therapeutic target in infectious diseases, including sepsis (Valdor and Macian 2012) . Several studies have demonstrated the critical association between autophagy and sepsis. Autophagy was activated in patients with sepsis and in caecal ligation and puncture (CLP) animal models of sepsis (Hsieh et al. 2011; Lo et al. 2013) . Moreover, polymorphisms in the autophagy-related protein (Atg) 16 L1 or autophagy-related human immunity-related GTPase gene affect the clinical outcome of patients with severe sepsis (Kimura et al. 2014; Savva et al. 2014) . Accumulating evidence from human and animal studies indicates that increased autophagic vacuolization in the liver, particularly in the hepatocytes, is possibly associated with mitochondrial injury (Watanabe et al. 2009 ). In the liver of the CLP animal model, the number of autophagosomes was increased, as demonstrated by microtubule-associated protein-1 light chain 3 (LC3)-II accumulation and electron microscopic examination, and its inhibition resulted in elevated serum transaminase levels (Takahashi et al. 2013) . However, there is limited information on the core molecular machinery of autophagic flux and its regulatory signalling in sepsis.
Genipin, an aglycone derived from an iridoid glycoside called geniposide, is a major component of the fruit of Gardenia jasminoides, which has been widely used for the treatment of inflammatory diseases and hepatic disorders in traditional medicine (Koo et al. 2004) . A plethora of studies also showed that genipin has various pharmacological effects including antioxidative, anticancer and antifungal activities (Lelono et al. 2009; Kim et al. 2012a; Kim et al. 2013) . Genipin reduced mortality induced by D-galactosamine/LPS-induced acute liver injury by preventing apoptotic cell death and the inflammatory response (Takeuchi et al. 2005) . Recently, our group reported that genipin attenuates mortality and multiple organ injury in sepsis through inhibition of toll-like receptor-dependent inflammatory signalling pathways (Kim et al. 2012b) . Therefore, we investigated the hepatoprotective mechanisms of genipin in septic injury, in particular focusing on the autophagy machinery. Our present study may provide a novel strategy to counteract sepsis, which is currently the most challenging problem in intensive care.
Methods

Group sizes
Ten mice were used per each group for the survival test and eight mice per each group for biochemical assay.
Randomization
Randomization was conducted by an individual other than the operator. The animals with similar degrees of body weight were selected randomly from the pool of all cages eligible for inclusion in the study and divided into groups.
Statistical comparison
Results are presented as mean ± SEM. Survival data were analysed by Kaplan-Meier curves and the log-rank test. The overall significance of results was analysed by one-way ANOVA. Differences between compared groups were considered statistically significant at P < 0.05 with the appropriate Bonferroni correction for multiple comparisons. The data and statistical analysis comply with the recommendations on experimental design and analysis in pharmacology (Curtis et al., 2015) .
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Validity of animal species or model selection CLP in rodents has become the most widely used and clinically relevant model for experimental sepsis and is currently considered as the gold standard in sepsis research. The CLP model has been considered to be a realistic model for the induction of polymicrobial sepsis in experimental settings to study the underlying mechanisms of sepsis.
Ethical statement
All experiments were approved by the Animal Care Committee of the Sungkyunkwan University School of Pharmacy (SUSP14-27) and performed in accordance with the guidelines of the National Institutes of Health (NIH publication No. 86-23, revised 1985) with adherence to the 3Rs (Replacement, Refinement and Reduction). Animal studies follow the ARRIVE guidelines (Kilkenny et al., 2010; McGrath & Lilley, 2015) .
Animals.
Male imprinting control region mice weighing 27-29 g were obtained from Orient Bio Inc. (Seongnam, Korea).
Experimental procedures
Polymicrobial sepsis was induced by CLP as described previously by Chaudry et al. (1979. Mice were anaesthetized by i.m. injection of ketamine (55 mg·kg À1 , Yuhan Corporation, Seoul, Korea) and xylazine (7 mg·kg À1 , Bayer, Germany), a midline abdominal incision was then made and the caecum was carefully exposed avoiding damage to the blood vessels. The caecum was ligated just distal to the ileocecal valve without intestinal obstruction, punctured twice using a 20-gauge needle and squeezed to expel a small amount of faecal material to ensure patency of the puncture sites. The caecum was returned to its normal intra-abdominal position, and the abdominal incision was closed with two layers of running sutures. Shamoperated animals were subjected to laparotomy and intestinal manipulation without ligation and puncture. All animals received 1 mL of normal saline s.c. immediately after the operation for fluid resuscitation. For the survival experiment, mice received an i.v. injection of genipin (Wako Pure Chemical Industries, Ltd., Osaka, Japan; 1, 2.5, and 5 mg·kg
À1
) or saline (vehicle) via the tail vein immediately (0 h) after CLP. The dose and timing of genipin treatment was selected based on our previous study (Kim et al. 2012b) . Mortality was monitored up to 10 days after the operation, and the mice were followed for 3 weeks to ensure that no late mortalities occurred. On the basis of a survival test, 2.5 mg·kg À1 genipin was selected as the optimally effective dose for further biochemical studies. Animals were randomly divided into five groups as follows: (1) vehicle-treated sham-operated (sham), (2) 2.5 mg·kg ) and xylazine (7 mg·kg À1 ) anaesthesia, mice were killed at 6 h after CLP. Blood was collected from the inferior vena cava 6 h after CLP, centrifuged (10 000 rpm, 10 min, 4°C) to obtain a serum sample and stored at À75°C until assayed. Liver tissue was simultaneously isolated at 6 h after CLP and stored at À75°C until assayed.
Housing and husbandry
Mice (n = 5 animals per cage) were kept in a temperaturecontrolled and humidity-controlled room (25 ± 1°C and 55 ± 5%, respectively) under a 12 h light-dark cycle, with water and food provided ad libitum. Mice were given 7 days to acclimatize to the housing conditions and reverse light cycle and habituated to handling before starting the experiments. Mice were monitored for confirming abnormal symptoms or wound that would be reasons for removal of the animal from the experiment prematurely.
Interpretation
This study thoroughly considered the 3Rs.
Assessment of hepatic damage. Serum alanine aminotransferase (ALT) and aspartate aminotransferase (AST) levels, the representative biomarkers of liver damage, were assayed at 37°C by monitoring decrease in absorbance at 340 nm for 1 min because of the disappearance of NADH with ChemiLab ALT and AST assay kit (IVDLab Co., Uiwang, Korea), respectively, using a Hitachi 7600 automatic analyzer (Hitachi, Tokyo, Japan).
Serum cytokine levels. Serum TNF-α and IL-6 levels were quantified using commercial mouse ELISA kits (eBioscience, San Diego, CA, USA) according to the manufacturer's instructions.
Western blot immunoassay. Fresh liver tissue was isolated and homogenized in PRO-PREP ™ Protein Extraction Solution (iNtRON Biotechnology In., Seongnam, Korea) for whole protein samples according to the manufacturer's instructions. After being kept in an ice-cold bath for a period of 30 min for cell lysis, the whole homogenate was centrifuged at 13 000 x g for 5 min. Protein concentration was determined using a BCA Protein Assay kit (Pierce Biotechnology Inc., Rockford, IL, USA). Protein samples (20 μg) were separated by 10-15% SDS-PAGE and transferred to PVDF membranes using the Semi-Dry Trans-Blot Cell (Bio-Rad Laboratories, Hercules, CA, USA). The membranes were washed with 0.1% Tween 20 in 1× Tris-buffered saline (TBS/T) and blocked for 1 h at room temperature with 5% (w/v À1 ) skimmed milk powder or 5% BSA in TBS/T. Blocked membranes were incubated overnight at 4°C with primary antibodies, washed five times for 7 min each in TBS/T and incubated with the appropriate secondary antibodies for 1 h at room temperature, followed by detection using an ECL detection system (iNtRON Biotechnology Inc.) according to the manufacturer's instructions. The intensity of the immunoreactive bands was determined using TOTALLAB TL 120 software (Nonlinear Dynamics Ltd., Newcastle, UK 
Results
Effect of genipin on CLP-induced lethality and hepatocellular damage
In the CLP group, the survival rate was 70% on the first day after CLP and stabilized at 20% on the fifth day of observation. Treatment with genipin at a dose of 2.5 or 5 mg·kg À1 immediately Figure 1 Effect of genipin on sepsis-induced lethality (A) and serum ALT and AST (B) levels. (A) Mice were i.v. administered vehicle or various doses of genipin (1, 2.5 or 5 mg) immediately after CLP (n = 10). (B) Mice were administered 2.5 mg·kg À1 genipin i.v. immediately after CLP (n = 8). Serum was obtained and assayed for ALT and AST levels at 6 h after CLP. *P < 0.05 versus sham group; + P < 0.05 versus CLP group.
after CLP significantly improved the survival rate compared with the CLP only group (P = 0.0131 and 0.0492, respectively; Figure 1A ). The levels of serum ALT and AST in the sham group were 29.8 ± 2.7 and 84.9 ± 5.1 U·L
À1
, respectively. At 6 h after CLP, the levels of serum ALT and AST significantly increased and these effects were attenuated by treatment with genipin at 2.5 mg·kg À1 ( Figure 1B ).
Effect of genipin on CLP-induced release of serum cytokines
The levels of serum TNF-α and IL-6 in the sham group were 31.6 ± 3.3 and 27.6 ± 5.5 pg.·mL
À1
, respectively. At 6 h after CLP, the levels of serum TNF-α and IL-6 dramatically increased and these effects were were attenuated by treatment with genipin at 2.5 mg·kg À1 (Figure 2 ).
Effect of genipin on autophagic flux
The protein expression levels of LC3-II, a reliable marker of the autophagosome, and p62, a selective substrate for autophagy, significantly increased 2.2-and 2.6-fold, respectively, compared with those of the sham group at 6 h after CLP. Genipin enhanced the increase in LC3-II and attenuated the increase in p62 ( Figure 3A) . Moreover, we utilized autophagic flux inhibitor chloroquine to confirm the autophagy activation by genipin and its possible contribution to attenuation of liver damage triggered by sepsis. Treatment with chloroquine enhanced the increased level of LC3-II and reversed the attenuated level of p62 by genipin (Figure-3B ). Furthermore, chloroquine reversed the protective effects of genipin against sepsis-induced mortality and hepatocellular damage as indicated by decreased survival rate and increased ALT and AST activities compared with genipintreated CLP animals ( Figure 3C and D). To confirm our Western blot results, we observed autophagic vacuoles, including autophagosomes and autolysosomes, by TEM. Compared with the basal level of autophagic vacuoles in the sham group, the number of autophagic vacuoles was markedly increased in the CLP group and was further increased by genipin (Figure 4 ).
Effect of genipin on autophagosome formation
Beclin-1 complex formation leads to nucleation of a phagophore, which is initially elongated by the Atg12-5-16 L1 complex and completed by LC3-II to yield the mature autophagosome. Protein expression of the Atg12-5 complex increased to 1.6-fold that of the sham group at 6 h after CLP, and this increase was enhanced by genipin treatment. However, the level of beclin-1 protein expression was not affected by sepsis or treatment with genipin ( Figure 5A ). Next, we assessed two hallmarks of LC3 lipidation, Atg3 and Atg7. The level of Atg3 protein expression decreased to approximately 53% that of the sham group, and this decrease was attenuated by genipin treatment. The level of Atg7 protein expression was not affected by sepsis, but was increased by genipin treatment ( Figure 5B ).
Effect of genipin on autophagosome-lysosome fusion and degradation
Fusion of the autophagosome with a lysosome to form the autolysosome is a prerequisite for complete degradation of the cargo contents. We investigated the expression of the lysosomal membrane proteins LAMP-2 and Rab7 and the lysosomal protease cathepsin B. As shown in Figure 6A , in the CLP group, the expression levels of LAMP-2 and Rab7 protein significantly decreased to approximately 74% and 67% that of the sham group, respectively, and these decreases were attenuated by genipin. There were no significant changes in cathepsin B protein expression in any of the experimental groups. To further confirm that genipin restores CLP-induced impairment of autophagosome-lysosome fusion, we analysed the distribution of respective LC3 and LAMP-2 by immunohistochemistry assay. CLP group exhibited the increase in the distribution of LC3 and the decrease that of LAMP-2 compared with the sham group. Genipin treatment enhanced the increase in LC3 distribution and attenuated the decrease in LAMP-2 distribution ( Figure 6B ).
Effect of genipin on CLP-induced mTOR and calpain activation
To elucidate the mechanisms by which genipin affects autophagy activation in sepsis, we investigated the involvement of the mTOR-dependent pathway and calpain system, which is independent of mTOR. The phosphorylation levels of mTOR and its downstream substrates, 4E-BP1 (Ser 65 ) and p70S6K (Thr 389 ), significantly increased 2.1-, 1.4-, and 1.6-fold, respectively, compared with those of the sham group after CLP. Genipin did not affect these phosphorylations ( Figure 7A ). Calpain 1 protein expression significantly increased 2.6-fold compared with that of the sham group after Figure 2 Effect of genipin on serum TNF-α and IL-6 levels at 6 h after CLP. Mice were administered 2.5 mg·kg À1 genipin i.v. immediately after CLP (n = 8).
Serum was obtained and assayed for TNF-α and IL-6 levels at 6 h after CLP. * P < 0.05 versus sham group; + P < 0.05 versus CLP group.
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Figure 4
Effect of genipin on autophagic vacuoles in the liver at 6 h after CLP. Autophagic vacuoles (arrows indicated) were observed from TEM images. * P < 0.05 versus sham group; + P < 0.05 versus CLP group. CLP. Genipin attenuated the increase in calpain 1; however, the level of calpain 2 protein expression was not affected by sepsis or genipin ( Figure 7B) . The protein expression level of cleaved Atg5, which is cleaved by the calpain system, significantly increased to 1.6-fold that of the sham group at 6 h after CLP, and this increase was attenuated by genipin treatment ( Figure 7B ).
Discussion
The participation of autophagy in the dysfunction of multiple organs during sepsis makes autophagy an attractive target for therapeutic manipulation after sepsis. Previous studies reported that complete activation of autophagy by rapamycin exerts a cardioprotective effect by restoring depressed cardiac performance and decreasing inflammatory responses (Hsieh et al. 2011) . More recently, it has been shown that activation of autophagy inhibits hepatocyte death and ultimately prevents liver injury (Takahashi et al. 2013; Tang et al. 2013) . Genipin is the hydrolytic product of geniposide that has potent antioxidant, anti-inflammatory and anti-apoptotic properties. We previously showed that genipin prevents oxidative stress and subsequent apoptotic cell death in a mouse model of fulminant hepatic failure (Kim et al. 2010) . Genipin exhibits anti-inflammatory and antibacterial effects, which protect against LPS-induced acute systemic inflammation and CLP-induced sepsis (Kim et al. 2012b ). Furthermore, Dando et al. (2013 demonstrated that genipin has anticancer activity through induction of autophagic cell death in a pancreatic adenocarcinoma cell line. However, there is limited information on the effect of genipin on autophagy in in vivo animal studies. In the present study, we found that genipin enhanced autophagic flux, which may have contributed to increased survival in murine sepsis. Earlier reports indicated that autophagy is transiently increased in response to septic insult, based on findings of increased LC3-II accumulation and the autophagic vacuoles observed in hepatocytes by TEM (Watanabe et al. 2009; Takahashi et al. 2013) . However, it is not clear whether increased levels of LC3-II can be translated as acceleration of autophagy in this situation or as partial or complete impairment of autophagic flux by blockage of lysosomal fusion and degradation. LC3-II is known to only exist on mature autophagosomes. An increased level of LC3-II is interpreted as evidence for autophagy activation, although it could also indicate autophagy suppression caused by decreased autolysosomal degradation of LC3. For example, in a rat model of pancreatitis, LC3-II levels significantly increased after LPS administration; however, this was not the result of induction of autophagy but rather a blockade of fusion between autophagosomes and lysosomes (Fortunato et al. 2009 ). The autophagic substrate p62 is an ubiquitinbinding protein that recognizes ubiquitinated substrates and recruits phagophores through direct interaction with LC3-II (Pankiv et al. 2007) . Because LC3-II and p62 are both degraded with the autophagic cargo in the autolysosome, the accumulation of LC3-II and p62 aggregates is regarded as a robust marker Figure 5 Effect of genipin on beclin-1 and Atg12-5 (A), Atg3 and Atg7 (B) protein expressions in the liver at 6 h after CLP. Mice were administered 2.5 mg·kg À1 genipin i.v. immediately after CLP (n = 8). The protein expressions were measured by Western blot analysis at 6 h after CLP.
* P < 0.05 versus sham group; + P < 0.05 versus CLP group.
of impaired autophagic flux (Lee et al. 2012) . In this study, we initially observed crosstalk between autophagy and liver injury during sepsis. The hepatic levels of LC3-II and p62 protein expression significantly increased 6 h after CLP. Treatment with the autophagy inhibitor chloroquine further increased the levels of LC3-II and p62 protein expression. In addition, chloroquine exacerbated the liver injury, as evidenced by a decreased survival rate and increased levels of serum ALT and AST (Supporting Information Figure SS1 ). These results indicate that impaired autophagic flux is responsible for sepsis-induced liver injury. Genipin further increased LC3-II protein expression and reduced p62 accumulation, attenuated the liver injury by decreasing serum ALT, AST and inflammatory cytokine levels and improved the survival rate. TEM images revealed that genipin further increased the number of autophagic vacuoles in the livers of mice during sepsis, which correlated with our Western blot results. In order to further examine the autophagy activation by genipin and its possible contribution to attenuation of liver damage triggered by sepsis, we utilized autophagy inhibitor chloroquine. Treatment with chloroquine blocked the autophagic flux restoration by genipin and reversed the hepatoprotective effects of genipin during sepsis. Collectively, our data suggest that genipin restores the autophagic flux that is impaired by sepsis and septic liver injury. Correct interactions between the autophagy machinery and autophagy receptors are important for the execution of the complete autophagy process. The process of autophagy involves some complex key steps: membrane isolation, phagophore elongation, autophagosome formation, autophagosome-lysosome fusion and degradation (Kang et al. 2011) . After the beclin-1/Vps34 complex initiates membrane isolation from varied intracellular origins and gathers autophagic proteins essential for pre-autophagosomal structure, two conjugation systems play essential roles in the formation of the autophagosome: an Atg12-Atg5 conjugate and membrane-associated LC3-II. The Atg12-Atg5 conjugate binds to the outer membrane of the phagophore and dissociates after mature autophagosome formation, and LC3-II subsequently binds to the Atg12-5-associated phagophore and forms the mature autophagosome. The cytosolic pre-LC3 form is cleaved by Atg4 to LC3-I, which binds covalently to PE by the action of Atg7 and Atg3 enzymes and finally becomes LC3-II. Several reports have shown that gene silencing of Atg5, Atg3 or Atg7 leads to impairment of autophagosome formation and causes cellular damage in several in vitro and in vivo tests (Cutting et al. 2014; Diakopoulos et al. 2014; Lamoureux et al. 2013; Lin et al. 2014 ).
In the present study, sepsis significantly increased the level of the Atg12-5 complex and decreased the level of Atg3; however, it did not affect the level of Atg7. Genipin enhanced the Atg12-5 complex level, attenuated the decreased Atg3 level and increased the Atg7 levels, indicating that genipin enhances the phagophore elongation and increases mature autophagosome formation during sepsis. The level of beclin-1 protein expression was not affected by sepsis. Considering that beclin-1 modulates autophagy through assembly and disassembly with a variety of activator and/or inhibitor proteins, such as Vps34, Bcl-2 Vps15, HMGB1, Ambra1 and rubicon, the precise effect of sepsis on the formation of beclin-1 complex should be studied further.
Fusion of the lysosome with a mature autophagosome in the late stage of the autophagy process is a critical step for degradation of its contents (Yu et al. 2010) . Mature autophagosomes initially fuse with endosomal vesicles and acquire LAMP-1 and LAMP-2, thus gaining the ability to combine with lysosomes. These structures then fuse with lysosomes (autolysosomes) and acquire the lysosomal proteases cathespins and acid phosphatases required for substrate degradation (Kirkegaard et al. 2004) . Gene silencing of LAMP-2 is characterized by a disturbance in lysosomal positioning, which leads to dysfunctional fusion and accumulation of autophagosomes (Noda and Klionsky 2008) . Furthermore, recent studies demonstrated that Rab7, a member of the small GTPase family, is also required for the fusion of autophagosomes and lysosomes (Ganley et al. 2011; Wang et al. 2014) . In sepsis-induced kidney injury, down-regulation of the expression of Rab7 leads to incomplete activation of the autophagic process (Yen et al. 2013) . In this study, sepsis significantly decreased the levels of LAMP-2 and Rab7 protein expression, whereas it did not
Figure 7
Effect of genipin on phospho-mTOR, phospho-4E-BP1 and phospho-p70S6K (A), calpain 1, calpain 2 and cleaved Atg5 (B) protein expressions in the liver at 6 h after CLP. Mice were administered 2.5 mg·kg À1 genipin i.v. immediately after CLP (n = 8 and oxidative stress, appear to be involved in the regulation of autophagy in mammalian cells (Hoyer-Hansen et al. 2007 ). Among them, mTOR, a serine/threonine protein kinase that regulates diverse cellular functions, is the most studied negative modulator of autophagy (Ravikumar et al. 2004 ). In the normal state, mTOR directly interacts with the Atg1-Atg13 complex and mediates phosphorylation-dependent inhibition of its kinase activities. Laufenberg et al. (2014 showed that sepsis decreased basal protein synthesis, in association with a reduction in mTOR activation, in skeletal muscle. Furthermore, the mTOR inhibitor temsirolimus induced autophagy and protected against endotoxaemia-induced acute kidney injury (Howell et al. 2013) . Calpain is a Ca
2+
-dependent cysteine protease that plays a crucial role in a variety of cellular processes, including different signal transduction pathways, the regulation of apoptosis and autophagic degradation. The two main isoforms of calpain-micromolar Ca
-requiring calpain (μ-calpain, calpain 1) and millimolar Ca 2+ -requiring calpain (m-calpain, calpain 2)-differ primarily in their calcium requirements, and deregulation of calpain activity following loss of Ca 2+ homeostasis leads to tissue damage in various pathophysiological events including myocardial infarcts and stroke (Goll et al. 2003) . Recent studies have suggested that the calpain system could inhibit the autophagy process by directly cleaving several Atg proteins involved in all steps of autophagy from autophagosome formation to autolysosome degradation (Kim et al. 2008; Russo et al. 2011; Villalpando Rodriguez and Torriglia 2013) . Among the Atg proteins, it has been recognized that the Atg5 is the specific target: full-length Atg5 is cleaved into the truncated Atg5 by activated calpains, which play important roles in the crosstalk between autophagy and apoptosis. Actually, several studies have shown the cleaved Atg5 levels with consistent calpain activation as the evidence for calpainmediated autophagy impairment (Zhu et al. 2015; Cha et al. 2014) . Moreover, calpain activity increased in endotoxaemiainduced or CLP-induced sepsis animal models, suggesting that this increased protease activity could be a negative autophagy regulatory mechanism during sepsis (Zafrani et al. 2012; Li et al. 2014) . In our study, the levels of mTOR, calpain 1 and cleaved Atg5 protein expression significantly increased in sepsis, and genipin attenuated the levels of calpain 1 and cleaved Atg5, but not mTOR. Collectively, our data suggest that genipin activates autophagic flux through the downregulation of calpain.
Conclusion
In conclusion, these findings suggest that genipin protects against septic injury by restoring the impaired autophagic flux via inhibition of the calpain system. Thus, we propose that genipin may provide new a pharmacological intervention strategy for septic injury.
